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«H k -P.ciCic.Uy binding 

. . H««iods «r. .Lo provide for 

£111 :? * ntlph -^<»"P" -tibodi.. i„ . or 
Pl*««. Al.o provided .r. ..thod. for i.olatirx, 
■ntipno.pholipld .ntibodi.. fro. . fXuld M 't 
•P-cific .ntip h o.p ho iipid .nj^l.. 
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This invention relates to methods Tor detecting 
and aeaeuring antibodi;v; to phospholipid* • 

3 

Background 

Antibodies to phospholipids h«v« been 
implicated in a variety of diaeasem or clinical 
10 condition, including arterial and venoum thromboai-, 
racurrant fatal loam, thrombocytopenia, pulmonary 
emboliem, coronary thrombosis, csrebral thrombosis, 
livedo reticularis *nd HIV infection. 
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It la therefore important to hava a convenient 
and reproducible clinical method for detecting end 
meaeurlng antiphoaphoiipld antibodlea in eamplee from 
patient*. 

A variety of phospholipids can give rise to 
antibodies in humane and antibodiee specific to 
cardiolipin, phosphatidyl inositol, phosphs cidylserine and 
phosphstidylethanolamlne, for example, have been found. 

Mot all of these antibodlea are neceeearily 
present in every disease associated vith anti- 
phoaphoiipld antibodiee. It is therefore deairable to be 
able to determine eaally antibodies to various specific 
phospholipids. 



30 



Furthermore, antibodiee to a particular 
phoapholipid may be IgG, IgK or IgA type immunoglobulins 
an* not mil types may be prssent in all conditions; for 
example, IgA antibodiee have been linked to adrenal 
35 ineufficiency (Al-Momen et ml., Thromb. Res., Vol 

*4, p. 571) and high Isvsls of IgC antiphoaphoiipld 
antibodies have been noted in systemic lupus 
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«ryth«»4totui (Quasar, T. at al., (1990), Arthritis 
Rheum, Vol 33, p- 501). 

It is therefora desirable to be able to 
5 distinguish antibodies of several immunoglobulin classes. 

Presently available contrcltl Mthodi for 
determining enfciphospholipid antibodies are baaed on 
•nsya«-linX*d iisunoaorb«nt assays (ELISA) . Commercially 
XO available kite um cardlolipin it substrate and therefore 
datact only anti-cerdiolipin antibodiaa. 

Radioimmunoassays hava alao baan uaad to 
aaaaura anti-phospholipid antibodiaa but theee hava all 
15 tha drawbacks aaaociatad with tha uaa of radioactiva 
materials. 

A Clow cytometric assay haa also baan reported 
for determining antl-cardiolipin antibodiaa (Pirruccello 

20 at al; (1990) , J. Clin. Lab. Anal., vol. 4, p. 236). 
Thia assay utlllsaa liposomes aa carriara of tha 
phoaphollplda. Tha difficulty of controlling liposoaa 
size makes standardization of tha liposomes a problem. 
In addition, liposoaaa ara generally composed of mora 

25 than ona phospholipid to land stability to tha liposoaa. 

Tha aethods presently available for 
determination of antiphoaphoiipid antibodies ara Halted 
in their flexibility and convenience, particularly vhan 
3 0 ona considara tha incraaaing clinical need for 

determination of antibodiaa of different iamunoglobulin 
classes and specific to particular phospholipids. 
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Smag a* the Invintlon 

In iccordinct with one aspect of the Invention, 
a Mthod is provided for determining entiphosphol ipid 
5 Antibodies in a fluid comprising tne steps of: 

(e) providing phospholipid coated ptrticlti 

coated with at lease one phospholipid for 
which antibodiss arm to be determined; 

(b) contacting the fluid with the coated 
LO particles to persit binding of the 

antibodies to the particles; and 

(c) determining the antiphoepholipid 
antibodies bound to the particles. 

l5 in accordance with a further aspect of the 

invention, a method is provided for isolating from a 
fluid antibodies to a phospholipid the method comprising: 
(a) contacting the fluid with phospholipid 

coated particlse wherein the phospholipid 
20 is that for which antibodios are to be 

isolated, to permit binding of the 
antibodies to the particles; 
<b) ssparating the particles froa the residual 
solution; 

23 (c) recovering the anti-phosphol ipid 

antibodies from the particles. 

In accordance with a further aspect of the 
Invention, a method is provided for producing 
30 antiphospholipid antibodies specific to a phospholipid 
comprising providing particles treated with the 
phospholipid to permit binding of the phospholipid to the 
particles and injecting the treated particles 
subcutaneous ly into a suitable animal. 

33 
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In •ccordanct with a further aspect of tha 
invention, a eethod is provided for preparing 
phospholipid coattd particle* comprising: 

(a) contacting particlea with a solution of a 
phospholipid at an effective tamperature 
to permit binding of tha phospholipid to 
the particlas; and 

(b) contacting tha particlas with a blocking 
agant at an effective temperature to 
permit blocking of non-specific binding 
sitas on tha particlas. 

In accordance with a further aspect of the 
invention, particlea are provided wnlr.h are coated vith 
at least one phospholipid, the coated particlas being 
able to bind specifically antibodiea to the at least one 
phospholipid. 

summary o* Drawl nqn 

The invention, as exemplified by preferrad 
embodimante, is dascribed with reference to the drawings 

in which: 

Figure 1 shows: (a) the time course of 
antibody binding and (b) the effect of temperature on 
non-specific binding. 

Figure 2 is a acattar histogram ehoving bead 
sixe discrimination by flow cytometry. 

Figure 3 is a standard curve in API, unite. 

Figure 4 ie a etandard curve in GPL units. 

Figure 5 shows normal ranges of 
antiphospholipid antibodies in human serum, determined by 
the method of the Invention. 

Figure 6 shows antiphospholipid antibody levels 
in seven patients. 



Figure 7 ehowe * comparison of eerum 
antlcardiolipin antibody ievele datermined by CLISA and 
by the method of the Invention. 

QotalifH n*»figr |p*ion of the Inventio n 

In accordance with a firat .abodiMnt. tha 
eubject invantion providaa noval phospholipid coated 
particlaa which ahow spacific binding of antiphoaphol ipid 
irMbodlti. ara aaaily prepared, atabla and can be 
conveniently manipulated and employed in a viriety of 
methods for determining antiphoaphol ipid antioodles. Tha 
varsatility of tha phoapholipid coated particlaa of tha 
invantion providaa aaaaya which can convaniantly idantify 
•ntiphospholipid antibodiaa of diffarant classes and 
diffarant phoapholipid apecifltiea, and providaa for 
quantitation of thasa antibodiaa, by msthods which ara 
raproducibla and sensitive and auitabla for clinical 
diagnoetic purposes. 

In accordanca with a furthar embodiment of tha 
invantion, a aathod ia providad for preparing much 
phospholipid coated particlaa, for example microsphere 
or beads. 

The inventors have found that polyatyrena 
microepheree or beada can unexpectedly be coated with a 
phospholipid by relatively gentle techniques. Although 
microsphere coated with proteina have previously been 
> described, the hydrophobic nature of phospholipids makes 
it difficult for these to atick to the charged 
microsphere surface* 

In accordance with a preferred embodiment, 
5 polystyrene microspheres are treated with a solution of 
the deairad phospholipid in ethanol in tho dark for at 
laaat about twelve hours at an affective taeperature, to 
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peralt binding of th. pho.phol lpld . lft .„ . tptcl „ ly 
preferred e.bodlaent. pho.phollpld tr.*t Mnt i. carried 
out at . t..p.r,t«r. In th. r.ng. of .bout 0- to .bout 
A. win b. .ppr.cl.tad by tho.. .kin^, in t h. art 
5 th. -Icro.ph.r.. can be co.tad with pho.phollpld .t 

higher feature, but .. th. tr.et.ent te.per.tur. 1. 
ral.ed .bov. .bout 4-c. th.r. i. incr...ing daaag. to 

Ph0.pholipid MlKUUf .O th.t Wh.« th. CO.t.d 

10 antlbodl... .. ^ 00 . crlb ^ f than mi 

r..ult. are obtained; for e*a.pl.. cc-atlng of th. 
-icro.ph.r.. with pho.phollpld .t 22'c produc. bro.d 
P««k. on flow cyto.etry .nd r^c« .peclflclty .nd 
••n.ltlvity of th. ...ay. 



IS 



After treataent with pho.phollpld. th. 
-Icro.ph.r.. c.n bo .opioy.d to r.l.. .p.clfic antl- 
Pho.phollpid antlbodl.e t . win bo d..crlbed. Th. 
.icro.ph.r.. c.n .l.o b. .tor.d «t thl. .tag.. 
20 deacrlbed In Exaapla ». 
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Wh.n th. microsphere, .r. to be eepioy.d for 
det.r-lnatlon of antlphosphollpld antibodlo. or for 
i«ol.tlon of antibodies, they ar. treated with a blccKlng 
•o.nt to r.duc. non-,p.cific binding of Immunoglobulin, 
•nd oth.r potentl.lly lnt.rf.rlng proteins, m 
accordance with a pr.f.rred a-bodi-.nt. th. alcro.ph.re. 
«. treated with io% fetal calf a.™, „ blocJclna a<Jent 

Za T 11 ^ ab ° Ut 60 ' lnUt " * *»P-«t«r! in th. 
rang, of about 4-C to about 37'c. it i. e.pocl.lly 

pr.f.rred to carry out blocking at .bout 37 -c a. thl. 

Tn^!!!?* r *" t0 d ' t *"' ln * -ntlpho-pholipld 

•htlbodl... Blocking at low.r temperature, t.nd. to 
incr.aa. the l.v.l of non-.p.cific binding to th. 
alcroaph.r.a in th. a.aay. 



The phospholipid coated eicroeph.res ere 
generally cooled attar blocking tr.ats.nt to • 
t.-per.tur. of .bout 0-C to .bout 4-C. .inc. this i* th. 
f.per.tur. range .t vhlch th.y .r. optimally 'tore: or 
..ployed In th. .ntlpho.phollpld .ntlbody —ay- 

It 1. bell.ved th.t th. Incubation of the 
pho.phoilpld treated bead, with th. blocking agent at an 
.l.v.t.d t.-peretur. r.nd.r. th. phospholipid more mobile 
.bout th. .urf.c. of th. bead, resulting in .fflcl.nt 
.xpo.ur. of th. bead .urf.c. .It.. r..pon.lbl. for non- 
.p.clflc binding of prot.in.. Th. r.ptd cooling -ay 
r.nd.r th. phospholipid 1... -oblle about th. b..d. 
.ff.ctlvly locking th. phospholipid molecule. In pi.C 
vith th. -ajority of th. nonspecific binding site, 
block.d. 

In thl. sp.clflc.tlon. th. t.r.s 'coated 
p.rtlcl..'. 'pho.phoilpld coatad pertlcl.s' . 'coated 

0 .icro.ph.r.. or beads' and th. Ilk. .r. u.ad to -.an 

partlcl... microsphere, or bead, coat.d with phospholipid 
and treated with blocking ag.nt. Wh.r. particle., 
.icro.ph.r.. or bead, with bound phospholipid but without 
blocking treatment are referred to. thl. 1. specifically 

5 indicated. 

Polyatyrene slcrosphere. ar. obtalnabl. in a 
vari.ty of sir., and ar. pr.f.rr.d for preparation of the 
pho.phoilpld coated particle, of th. lnv.ntlon. oth.r 

30 sultabl. .olid particulate support, will be known to 
thos. skilled In the art and include particle, of 
suitable shap. composed of a material capable of holding 
a charge such as polypropylene, polyethylene, 
•crylonltrll.. polycarbonate or nitrocellulose or 

35 — gn.tlc beed.. The .hap. of th. p.rtlcl. .hould be 
compatible with th. n..d. of the method ultimately 
..ployed to determine antipho.pholipld antibodies once 
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th... . r . bound to th- phosphon CMtad 
««PI.. It now cytc.tr, t. to b. .. ploy .:, th . 
P4rt C,M • h «'« «I«.r.lly .ph.rlc.l. Th. .1,. or 
p.rtlcl. ..ploy.d .hould al.o b. .uit.bl. for th* 
d.t.ction ..thod to b. ..ployd. for ...»pl. # 
•Icro.phar.. of dla.at.r fro , .bout 0 .. „. tQ ^ t 
•r. .„ u M . for f,ow cyto.atry vh.r... lar , or or 
p.rtlcl.. -ay b. r.qulr.d for oth.r ....y t.chnlqua. 
••9-. .round 0.0* urn dla.at.r for l.t.x .nhanc.d la..- 
n.ph.loa.try or -round 15 u « f or l.t.x b-.d 
•qqlutlnatlon. 
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„, * dUlt bovlM 4l.o ba.n found to b. 

^; 4i " * « vitn .ntlpho.phollpld 

•nttbodl... d-crlbed by Karri, .t .1. (C lln. Exp. 
X-unol. C1..7,. vol. ... p . a „, vh . r ... n ^ 

prot.ln. . r . un.ult.bla. A .uit.bl. bloOcln, .o.nt 
.hould provld. low l.v.x. of non-.p.clflc blndlnq wb.n 
th. -icro.ph.r.. .r. u.ed for .ntlpho.phollpld .ntibody 



.uch ° f ^ * dVanta ^. of u.in, alcroaph.ra. 

.uch a. poly.tyr.n. -Icro.ph.r.. a. partlcul.ta . uppo r , 

« availability In a variety of . iz .a. 

invantlon ^ * Ith «* .«bodl..nt of th. 

mention, -lcro.ph.ra. of dlff.r.nt .1*.. ar . ,. loctaa 
-nd .ach of -Icro.ph.r.. 1. co .t.d with . dlff.r.nt 

: r :;r upid ' by trMtMnt vlth blockl d *"- r - nt 

prot.ln, d ..crlbad l„ Ex .apl. i. 

fl . Th * coatad »lcro.ph.r.. may b. ...ily 

«i"fTr. \ I dl "-" nti *^«« of .ntlbodl.. to 

dlffar.nt pho.phoUpid.. ^ d .. crlb , d . A . wm 

o. undor.tood by tho.. .* U l.d In th. . rt . -lcro.ph.ra. 



of a single sixs aay be co«ttd with a alxturo of 
phoophol iplde but this will provide for assay of total 
entiphoephollpid mio^IU: c~ly and not for any 
differentiation. 

Tha phospholipid coatad alcrospheree of tha 
invention provide a convanient ant lgen-present lng device 
which eay b* eaployed along with a variety of detection 
procedures to detect and to determine ant lphoaphol ipid 
10 antibodies. 



In accordance with a further preferred 
embodiment of the invention, a method la provided for 
detecting and aeaauring antiphoaphol ipid antibodies in a 

15 fluid such as huaan serua or pisses. Serua or plasaa la 
Incubated with tha phospholipid coated alcrospheree of 
the invention at an effectives tenperature to allow 
binding of the antiphosphol ipid antibodies. The 
aicrospherss ars then contacted with a aecondary antibody 

20 directed against huaan laaunoglobul Ins , this socondary 
antibody bearing a suitable detectable label , wheraby 
detection and quantitation of the label permits detection 
and quantitation of the bound antiphosphol ipid 
antibodies. 

25 

Incubation of sera with phospholipid coatad 
microspheres of the Invention at various temperatures 
showed that aa the temperature of Incubation la 
increased, non-specific binding of the secondary antibody 

30 (?} alao is increased, as seen in Figure 1 , panel B . In 

accordance with a preferred embodiment, tha Incubation is 
carried out at a temperature in the range of about 0 # C to 
about 22 # C. An especially preferred range is about 0 # C 
to about 4 9 C, in which range the non-specific binding Is 

3 5 at a minimum. 

At 0 # C, the binding reaction approaches 
saturation at about 30 alnutes, as aeen in Figure 1, 
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Made of the Invention is about off a * * 

» U wut P" to about pH 7 • 

let. rlc and h».»oly..d ..ru. «.»pl.. , ay 

....y.a by th. „. thod of th . ln ,.. ntlon wth P out 

Ae will be understood by tho.e -kill»H ... 
•r*. • -ri.ty or t.ch„i qu .. My J. ^ 4 " - 

a.*.r. MtlflB of th . , #condary u £ 

including now cytctry. l.t.x b .ad .„ autln .J on 

fluor.ac.nc. aicro.coov x " OB * 

_ K . wo.copy, l.t.x b.ad .nhanc.d laa.r 

n«ph.lo».try and iwuno-dot blotting. 

th. lnv.„t!o„*T, rda ?r * P " f *"- d -bodi^nt or 

-.ted witH' 15 ""' P ° rtl ° nS ° f Blc "°P««- «. ..ch 
b.".t.cte a ^ Ph °: Ph0llp " -"c h .„tlbo«.. ar . to 
* toctcd - aicrosphorep coated ,4,** 

described in Example 3. 

I 9 C. i 9 H .nd^oT^r! '• COnd - ry — ctlno with 

9 . I 9 M and i 9 a and b.aring . .uit.bi. l.b.l . a 

"ov cyton.tlr vi^ ' * -n.Xy.d dir.ctly in . 

fro. ,k * et * r ' with <»«t "P-ration or th. micro.ph.r.. 
fro» th. incubation aixtur. i» un _ . P n *«* 

I*»un. coB.pl.xa. b.tv.. n 



11 

the Uaunoqlobullng of the test aerum and the .econdery 
antibody art present but are such •mailer than th* 
microspheres and can be excluded by electronic gating 
during the flow cytometer analysis, as will be understood 
5 by thoaa skilled In the art. 

Th«) fluora«cence emitted by tha alcroiph«r«§ 
having bound secondary antibody is detected and indicate* 
tha praaanca of antiphosphol ipid antibodies in tha Ust 
10 serum to any or all of tha phospholipids which war* used 
to coat th* bead*. If desired, tha amount of 
fluorescence will provida a semiquantitative aiiaia>tnt 
of tha antiphoapholipid antibodiaa present, if 
appropriate standard curvaa ara praparad. 



15 
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In accordance with a further preferred 
embodiment of tha invention, a screening method i* 
provided for detection and identification of apeclfic 
ant iphocphol ipid antibodiea in human aerum. 



Phoapholipid coatad microepherea of thr*e 
sizes, coatad respectively with phosphoinoaitol , (Pi) 
phosphatidylserlne (PS) and cardiolipin (CL) , as 
described in Example 1, ara incubated with aerum aa 
2 5 described in Example 2. The microspheres are aeparated 

from tha serum and Incubated with a cocktail of secondary 
antibodies containing anti-human IgG F(ab')j linked to 
FXTC, anti-human IgH linked to phycoerythr in (PE) and 
anti-human IgA linked to biotin. Secondary antibodiea 
30 ara titrated to be saturating and incubation is carriad 
out at room temperature in tha dark for 15 to 60 minutes 
depending on tha degree of saturation. Unbound secondary 
antibody is removed by centr if ugation and the 
microspheres are resuspended in saturating avidin linked 
35 to PE/Texas Red and incubated in tha dark at room 

temperature Cor 15 minutes , to allow binding to the IgA - 
linked biotin. 



10 



25 



30 
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35 



The microspheres art then eeparated bv 

of th. .ntipho.pholipid .ntibodi.. pr..ont ir 
-ppropri.t. .t.nd.rd curve. «. pr.p.r.d. 



• rt, thii 



--. ™ V^.ttl aPPr * Clat * d b * -"".a in th. 

' " c r«oning proc.dur. M y b. c.rri.^ 

of .icro.p h . r .., th.r.by providing . . cr ., n fo TCh" 
typ- of phospholipid. Addition.! .iz.. It 17 ! 

vit h .ddition.! p h o.p hol ipi d . ». y b : 1 ::; x : y f .: ic :r ph " r " 
ir — ~ *™.. flw 

thr.. -ix.. rt o r "icrrT r ' b '° n f ° Und C ° nVOn to — 

within" th. 5\ ! b * -1-uit.n.ou.ly 

within th. d.t.ction Unit. of th . flo „ cytOMt-r# * 

..c h po PUi .tion to th. t ..t .«r:r^: B r" nt - d 

i. u^d *•*" f ° Und th «* whol. .ol.o,l. X9 0 

coc^U v, 11 antlb0d ^ ^on. or in . 

^ to O. * ntlb0<11 -' "0„-.p. clfJc blndlng 

ror d.t.r»in.tion of tg c .ntibodi... lt t. 
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preferred to upi the F(ab'), fragment of human IgG as 
•tcondary antibody. 

Human aarum may ba acraanad first by tha rapid 
method to eliminate negatives bsfora screening to 
identify particular antiphospholipid antibodies or may ba 
screened directly with the mora discriminating screening 
procedure • 

Other suitable detectable labels for the second 
antibodiss vill bs known to those skilled in tha art and 
include fluoreacant compounds such as fluoresceins , 
rhodaminee, ery throe in, phycoerythrin, 
phycoerythr in/Texas red conjugate, Texas red and 
propidlum iodide. For assays such ac imnunodot blot, 
lablea such as paroxidaae, alkaline phosphataae and 
ferritin may be used. 

In accordance with a further embodiment of the 
invention, a method is provided for quantitation of 
antiphoapholipid antibodies in human serum. 

For optimal quantitation of antiphoapholipid 
antibodies, it is preferred to use phospholipid coated 
microspheres of one size and phospholipid type and to use 
secondary antibody of one immunoglobulin class labelled 
with a convenient fluorophore such as FITC or PE in tha 
method of the invention. 

Standard curves are prepared using commercially 
available antiphoapholipid antibody standards Incubated 
vith microspheres coated with the appropriate 
phoapholipid and then reacted with, known amounts of tha 
appropriate immunoglobln class as secondary antibody , as 
described in Example 4 . 
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30 



35 



sr;: ™" — « ~* 

r.r.r.„=. T* "*" / " th0<, * vlt» 
rereronca to serum but it will , ^ 

•Mil* in th. art that », und«r.tood by tho.. 

'• 35 J containing io% v/v f«t- A i 

and the fluted an^Ii * ""^Irugation 

d ant **>°<Uea subjected to fu rther 
purirication on a Pr«^u * , Wer 

on a Protein A column or hvdr*»M- * 
composed of anMK^* "Yarazida column 

** ox antibodies to thu ri*. f « 

■ubclass. <J*»ired immunoglobulin 
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in iccocdanc. with a further embodiment of the 
invention, a m.thod is provided for rai.lng antibodi.. to 
""a phospholipid. 

5 varlou. immunisation schemes have b«.n employed 

to raia. antibodi.. to phospholipid, but th... h.v. 
generally yi.ld.d non-specific antibodies. 

Tha phospholipid coatsd microspheres of the 
10 invention pra.ant phospholipid antigens in auch » way 
that thay can bind to thslr .pacific antibodi... 
Administration of tha.a phospholipid microspheres to an 
animal, for example by subcutaneous injection, 
convaniantly praa.nta th. animal's lmaun. system with a 
15 phospholipid antig.n against which sp.cif ic antlbodiea 
ar. allcltad. Tha coatad microspheres prasant a large 
eurfac. area displaying antlgan and adapt-d to alicit a 
good immunological rsspon— . Tha mlcrosph.r.s ar. coatad 
with phospholipid as in Example 1 but ar. not tr.atad 
20 with blocking agant. 

in accordanca with a furth.r embodiment, kits 
for determining antiphospholipld antibodi.. ar. providad 
comprising phospholipid coatad particl.. and on. or .or. 
25 lab«ll.d r .agents capable of binding to th. 
antiphospholipld antibodies. 

Th. following examples ar. giv.n for th. 
purpoa. of illustrating th. invention and tha present 
3 0 invention le not limited thereto. 

Materials 

Tha following materials were purchased from 
35 Sigma Chemical. (St. Louis, Mo): phosphatldylinositol, 
phosphatldylserine. cardiolipln, goat anti-human Igc 
r(ab'), linked to I luoreec.lnleothyocyanat. <MTC> , trie 
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35 
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•thanol pureha..* froa BDH (Eoaonton Alfc.i J!, 
,„!,," > urch —<* "o. coult.r Electronic. 

EacaanL a l 

Ehpaphminirt EramuaUaa 

of XXI Pr0dUCe a StOCk -option 

Egazsgeataens at mm a 

<U.tlll.d "tr' th * i„ .f ril . 

follow* by ..J?'" T ^ Vith -i-tlllod v«t.r 



Washing 
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va. accomplish** by centrlfugation. All ethenol washes 
and subssquant manipulation of beada should b* carried 
out in glass vessels using glase tranafer laplaaanta. 

5 contlng prncndurn 

After waahing, beads were resuspended to a 
final volume of 1 bL In absoluta ethanol. 



lO 



Beads of three different sizes were coated with 
three different phospholipids; beads of average disaster 
5.8 p* (± O.lpm) were coated with CL, beads of 2.9 m« 
(± O.lMm) with PS snd beads of 1.6 jra <x O.mm) with PI. 

1S The polystyrene bead number was adjusted so 

thst the surface area presorted by each size of bead to 
be coated waa the same. In a liXe manner, the 
phospholipid concentration* were adjusted to provide 
approximately similar amounts by weight per unit area of 

2 0 bead. Table 1 shows an example of suitable coating 
parameters . 
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The volumes of phospholipid indicated in Table 
1 (relative phospholipid concentrations also given in 
Table 1) were added to the bead suspensions and mixed by 
aspiration* The bead suspensions were sealed and 
5 incubated overnight at 4 *C in the dark. 

The phospholipid coatsd beads wars then treated 
with a blocking agent to reduce non-specific binding of 
immunoglobulins and other potentially interfering 

10 proteins. Phospholipid coated beads in ethanol were 

allowed to cose to room temperature and were washed by 
mixing gently by aspiration with an equal volume of 
Tris/HaCl buffer (0.01M Trie, 0.14M HaCl, pH 7.2) , 
followed by centrif ugation. After a further two washes 

15 with buffer, the biads were resuspended in "blocking 
solution* (500 Ml*) # i.e. 10% v/v fetal calf serum in 
0.01M Trie, 0.14 NaCl, pH 7.2, and incubated at 37» C for 
30 minutes followed by rapid cooling at 0 # C. 

20 Once the phospholipid-coated beads have been 

blocked, it is no longer necessary to use glass transfer 

implements and glass vessels. Reactions are conveniently 

carried out in 1.5 ml* polypropylene microfuge tubes. 

25 The un-blockod phospholipid coated beads may be 

stored for later use before treatment with the blocking 
agent. Various storage conditions were examined, using 
cardiolipin coated beads, and soma examples of suitable 
storage conditions are shown in Table 2. 
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TABLE J 

3 1PRA . GB CTfflWTTfflH STQRAwR TTNf BrrwrrH RUM g 

5 4#C ' in 4 Bonth » 7% <N * 10) 

Phospholipid/ 10) 

Btoa Solution, in 
Dark 

10 -20-C. freeze 4 BOntn . 

dried, i„ „ ark X0% «» " 10 > 

-20-c, in glycerol, 2 BOnth . 

In darX {H 7 > 
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35 



Exaaaia ? 

Beads of three elzee were coated with CL PS 
•nd Pi a- described in Exa.pl. 1 .„d six.d in the 
Proportion, i part l.e „» ba ads: 2 part. 2.9 bead. : 

LmV*' bMd8 ' ba8 * d ° n **• nU » b ~ «* Particle, 
coated for each bead size in Tabl . x . ^ boad 

■ixtur. wa. .u.ponded in blocking solution. 

For assay, 5 jiL of aeru. to be analysed was 
»ix.d with 495 ^ b aad mixture suspension and incubation 
was carried out at 0- for 60 ninutes. Unbound 
immunoglobulins and other contacting protein, were 
removed fro. th. bead, by c.ntrifugation and the bead, 
vr. re.uspended in a secondary antibody aixtur. 
containing goat anti-hun.n IgC-PlTC r ( .b',„ goat anti- 
nu»an IgM-PB and goat antl-hu»an IgA-bioti„. Saturating 
concentration, of antibodies were used. a. determined £ 
titration. After a 30 .inute incubation at roca 
t..perature, the bead, were ..parated fro, unbound 
•ntibodle. by c.ntrifugation and r..uspend.d in 
-etur.tln, conc.ntr.Uon. of avi<,i„ UnX.d to Pt/T.xa. 
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red, with incubation at room temperature in tha dark for 
13 minutes. Baada ware again separated by centrif ugation 
and reauapended in balanced ealt eolutlon, ISOTOH II 71- 
(Coulter Elactronica) . 

5 

Reauapeneion volumes of 0-3 to 1.0 aL were 
employed for uae with a FACScan flow cytometer for 
analysis. The reauapanded beads were transferred to 
12 x 75 ma polystyrene tubaa and analyzed by standard 
10 flow cytometric methods. The flow cytometer waa capable 
of measuring five (5) separate parameters on each 
particle examined. Forward scatter ISO* relative to the 
incident laser light (488 nm) , indicatsd ths size of the 
particle. Side scatter, 90* relative to the incident 

15 laser, indicated internal complexity of the particle. In 
addition three different fluorescence parameter*, based 
on amission spectra (poat excitation with 488 nm laser), 
were analyzed. Spectral overlap by the three available 
fluorescent tags (FITC, PE, PE/Texaa Red) wae compensated 

20 for electronically as outlined by the manufacturer. All 
data was etored to disk in list-mode. Subeecjuent ly , the 
data were analyzed for each bead eize baaed on 
electronically aelecting (gating) each bead population 
and analyzing the fluorescence exhibited. 

25 

The machine was calibrated daily using 
fluorescent micropartlclea (Calibrite Beads, Becton 
Dickinson) and compensation for interchannel bleeding was 
set for three colour analysis where more than one 
30 labelled antibody was measured. 

The excellent discrimination between the three 
bead sizes coated with PI, PS and CL respectively is 
shown in Figure 1, a forward ecatter hietogram. 

35 
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Ex amp I o 3 

Sera to be tcr««ned were diluted with bead 
mixture suapansion aa in Example. 2 and incubated at 0 # C 
for 60 minutea. 

A aaturating concentration of goat anti-human 
polyvalent (IgA, IgH, IgC) antiserum labelled with TITC 
waa added directly to the serum/bead mixture, without 
aeparatlon of beada from teat eerum and incubation waa 
carried out at room temperature in the dark; for 30 
minutea . 

A negative control and a poaitive control were 
Included in each analyaia aa a check on run to run 
reproducibility* 

After incubation, the Incubation mixture waa 
diluted about 30-fold with aallne and waa directly 
analyaed by flow cytometry ae in Example 2. 

Examnla j 

For quantitation of serum antlbodloe of a 
particular immunoglobulin claaa directed againat a 
apecific phospholipid, teat aera were analyaed by the 
procedure deacribed in Example 2 employing beada of one 
alze coated with the appropriate phoepholipid and ueing 
as secondary antibody TITC or PE labelled goat anti-human 
antibodies againat IgM or IgA # or goat anti-human IgC - 
TITC FCab'),. 

Standard curves were prepared ualng 
antlphoepholipid antibody atandarde obtained froa 
Antiphoapholipid Antibody Aaaociatea. The peak mean 
channel 'ivoreaoince waa plotted logarithmically againat 
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the log of the antiphoephulipid antibody concentration 
(in GPL, MPL or API* units). 

Concentration of ant iphoopho lipid antibody va« 
5 expressed aa immunoglobulin binding unite to 

Phospholipid, abbreviated as GPL, KPt, and API* for IgC, 
IgM and IgA bound to phospholipid respectively. 

The immunoglobulin binding units were defined 
10 by Harris et al (Clin. Exp. Immunol., 213, 19*7) to 

be the phospholipid binding activity of 1 M9/»^ ot an 
affinity purified IgC (CPI*) , IgM (KPU or IgA (API*) 
preparation from a standard serum. 

15 Examples of standard curves generated are shown 

in figuros 3 and 4. 

Example 3 

20 Serum samples were obtained from 26 healthy 

volunteers and levels of ant iphospho lipid antibodies to 
PI, PS and CI, were measured as in Example 4. Polyvalent 
secondary antibodies were employed, giving a measure of 
total IgC, IgM and IgA against each phospholipid. Ths 

25 results obtained are shown in Figure 5. 



Example, fi 

30 Serum samples were obtained from eight patients 

with a history of thrombotic episodes. An initial screen 
was performed by the procedure of Example 2 to determine 
the immunoglobulin class and phospholipid specificity of 
any antiphosphollpid antibodies present. Ecch type of 

3 3 antiphoepholipid antibody detected by the screen wae then 
quantitated as described in Example 4. Antibodies to one 
or sore phospholipids were found in seven of the eight 
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patients, as «een in Figure 6* The rtiuiti art presented 
as negative, low positive, aediua positive and high 
positlva as recommended by Harris at al (Clin, Exp. 
Immunol., 215, 1987). Tha degree of posltivity was 

based on tho nuwbar or standard deviations abova th* 
normal ranges of 26 normal controls as follows: 
Negative s 3 *d. Low Positive - between 3 and 5 ed. 
Medium Positive - between 5 and 7 sd and High 
Positlva > 7 id; as regards mean channel fluorescence. 

EXftfflPltt .2 



A comparison was made of serum anti-cardiolipin 
antibody levelo determined by the method of the invention 
15 and those obtained by tha ELISA method of Loizou et al 

(Clin. Exp. Immunol., (198?) vol. 62, pp 738-745). Sera 
examined were obtained from 30 patients with thrombotic 
tendencies. 

20 After screening the sera as in Example 2 for 

the presence of anti-cardlollpln antibodies, level* of 
GPL were determined in positive sere by the procedure of 
Example 4. Binding of GPL was assessed and GPL values 
w^re determined based on the cut-off values recommended 

25 by Antiphosphollp.td Antibody Associates. For the ELISA 
method, the secondary antibody used was goat anti-human 
IgG linked to peroxidase. The results are shown in 
Figure 7. 

30 Although only certain embodiments of the 

present invention have been doscribed and illustrated, 
tha present invention is not limited to the features of 
these embodiments, but Includes all variations end 
modifications within the scope of the claime. 
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WE CLAIM: 



<•> Provldin, 1 *o.phoiip ld coat.d p.rticl.. 

coated with at Last- on. pho. phollpld Cor 
which .ntibodia. 4r . to ^ d .t.r„i„.d; 

(b) contacting tha fluid Wth ^ ceatwd 
particia. to p.„ lt blmllng of ^ 
antibodia. to tha particia.; « nd 

(c) dat.r»inin, tha antipho.pholi P i d 
•ntibodi.. bound to tha particia. . 

2 * * »«thod in accordance uu>, , * 

•>-» — « ...... : M vl ;.t u ;/ vh - 1 " - 

A Batho <* in accordance wu>, ~i , 

i-^i^xn „ tl ..„. h>vlni a -^-»™" 

4 A n * tn °d in accordance uUs ~i , 

"id laballad r a a , cnt co^^ \t i™ Vh '" ln 

monovalent antibody or 'ram..!! ?! ° n * antl - h "»*» 

- u« one ^un^rir:.."*" 0 ' dir * ct - d 

»id ub.^*" acc ° r ? anc# with ^ —.in 

hUMn x 9 H trl IZIT CO " Pri — r 9 C. anti- 

tharaor! ..^ ' 7 ^ - rrag»„ t . 

p-^ttin,^::^;.;;^"^ 

•ntibodi.I „ t? ° • -""Pho-Phollpid 

loodia. x 9 C, i 9 „ er IgA . ntlbodl#a 
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6. A n*thod in accordance with claim 2 wherein 
•aid labelled reagent comprises anti-human IgG r(ab'),, 
anti-human IgA and anti-human IgM, each bearing a 
separately detectable label , thereby permitting 
determination of the antiphoaphollpid antibodies as IgG, 
IgM or XgA antibodies* 

7. A method in accordance with claim < wherein 
said labelled reagent comprises anti-human X-jUF (ab' 
FITC, anti-human igM-phycoerythrin and anti-human IgA- 
blotin, said method further comprising contacting the 
particle* with avidin-Texas red to permit binding to the 
biotin. 

3* > method for separately determining antibodies 

to at least two phospholipids when said antibodies are 
present in a fluid, said method comprising the steps ofr 

(a) providing phospholipid coated particles of 
at least two size classes, each of said 
classes of particles being coated with one 
phospholipid for which antibodies are to 
be determined; 

(b) contacting said fluid with a mixture 
comprising particles from each of said at 
least two classes to permit binding of the 
antibodies to the coated particles; and 

(c) determining the antiphoaphollpid 
antibodies bovnd to each class of 
particles* 

9. A method in accordance with claim 8 wherein the 

fluid is human serum or plasma and the bound 
antlphospholipid antibodies are determined by contacting 
the particles with a labelled reagent capable of binding 
with said antibodlec and comprising a detectable label 
and determining said label separately for each class of 
particles by flow cytometry. 
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10. A method in accordance with claim 9 wherein 

particle, of three size claaees or. provided, ths first 
claas comprising particles of about l.« MB average 
diameter, tha aacond claas comprieing particle, of about 
2-9 m» average diameter, the third claas comp-iaing 
particle- of about 5.8 ;« average diam.ter, end wherein 
each class of particlea is coated with a different 
phospholipid selected fro* the group consisting of 
cardiolipin, phoaphatidylinositol. phoaphatidylaerine, 
phosphatide acid and phoephatidylethanolamine. 

H. A oethod in accordance with claim lO wherein 

eaid labelled reagent comprlaee enti-human Igcrcab'),, 
enti-human Z gH and anti-human IgA. eech of .aid anti- 
immunoglobulin antibodies bearing s separately detectable 
label, thereby permitting detersination of the anti- 
Phoapholipld ancibodle. a. I g c, lg M or IgA antibodiee. 

«• A method for isolating from a fluid antibodies 

to a phoepholipid M id method comprising: 

(a) contacting the fluid with phospholipid 
coated particlea wherein the phospholipid 
is that for which antibodies are to be 
Isolated, to permit binding of the 
antibodies to the particles; 

(b) separating the particles from the residual 
solution; 

<c> recovering the antl-phoepholipid 
antibodiee from the particlea. 

«• A method for producing entiphoepholipid 

antibodiee epeciflc to a phoepholipid comprising 
providing particla. treated with the phoepholipid to 
permit binding of the phoepholipid to the particle, and 
injecting the treated particle, eubcutaneoualy Into a 
suitable animal. 



20725*8 

29 

14. A method Cor preparing phospholipid coated 

particles comprising: 

(a) contacting particles with a solution of a 
phospholipid at an effective temperature 

5 to permit binding of the phospholipid to 

ths particles; and 

(b) contacting the particles with a blocking 
agent at an effective temperature to 
permit blocking of non-specific binding 

10 sites on the particles. 

15. K method in accordance with claim 14 wherein 

the particles ars polystyrene microspheres, wherein itep 
(a) is carried out in the dark at a temperature in the 
15 range of about O^C to about 4 # C for about 12 hours, 

wherein the blocking agent is 10% fetal calf serum and 
wherein step (b) is carried out at about 37 »C for about 
15 to about 30 minutes. 

2 0 16. X method in accordance with claim 14 or 15 and 

further comprising the step of cooling the particles to a 
temperature in the range of a*>out 0»C to about 4»C. 

17. Particles coated with at least one 

25 phospholipid, said coated particles being able to bind 
specifically antibodies to said at least one 
phospholipid . 

18. Phospholipid coated particles prepared by the 
30 method of any of claims 14 to 16. 
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